The approach to the problem of nephritis, through reducing the amount of functioning renal tissue to the minimum compatible with life, was first made, in 1898, by Bradford (1) . The experimental animals died from asthenia and wasting in from 1 to 6 weeks after the excision of three-fourths of both kidneys, but no record was made regarding the gross or histological changes in the remaining bits of tissue. From 1918 to 1926, Allen (2) and his associates studied the phenomena of clinical kidney disease from the standpoint of quantitative deficiency of renal tissue after excising portions of the kidneys and after ligation of the renal vessels. By the removal of three-fourths of the renal tissue these investigators obtained reduction of the concentrating power for urea and other nitrogenous substances; chlorides and ammonia; changes in the acid-base balance; polyuria; heightened blood pressure along with hypertrophy of the remaining kidney tissue and usually of the heart. Apparently no objective information regarding the breakdown of the kidney damaged by operation from functional overstrain was obtained because of the hypertrophy of the remaining renal tissue. Both Bradford's and Allen's experiments fail to throw light on the etiology and progressive nature of chronic nephritis.
In the course of the production of experimental chronic nephritis in dogs with deep x-ray (3), one pole of a kidney occasionally escaped the direct effects of the rays because of screening, and retained enough function to maintain life for from 8 to 12 months. However, the renal insufficiency was invariably progressive and fatal. At autopsy the usual contraction and fibrosis of the renal tissue exposed to x-ray 649
were found, but the screened and protected portions presented a wholly different pathological process (Fig. 1 ). There was none of the contraction and fibrosis but rather a thick, spongy, yellow cortex in which the glomeruli and tubules were fairly well made out. The blood vessels were of usual thickness. Microscopically the protected portions showed the tubular epithelium swollen and undergoing marked granular, vacuolar, and fatty degeneration. The glomerular tufts were enlarged and congested. In some instances the capillaries were enlarged and hyalinized and the capsular space contained pink staining homogeneous material. In contrast the x-rayed portions showed sclerosis and end-arteritis of the blood vessels, thickened capsules of Bowman, hyalinized glomerular tufts, and extensive replacement of the tubules by fibrous tissue. Obviously the pathological changes in the protected and unprotected portions were of such different character that the etiology was just as different. In other words the changes in the protected portions were not due to x-ray but were progressive, finally resuiting in death from renal insufficiency. The progression here was similar to that seen in clinical nephritis and the histological changes seen in the protected pole were not unlike those observed in the better preserved portions of the damaged human kidney in chronic nephritis. The question as to the cause of the granular, vacuolar, and fatty changes seen in the protected poles of the x-rayed kidney arises. Were they the result of functional stress or abuse, associated with the continued abnormally high level of urinary constituents in the blood and tissues? A more natural and certainly more logical approach to the chronic nephritis problem is to be found not in reducing the amount of renal tissue by operation or x-ray but by producing an excess of normal excretory products in the body and leaving the excretory organs in normal condition. The improvement in animals with chronic nephritis produced by x-ray has been shown, when the meat diet is replaced by bread and milk, by marked reduction of the nitrogen retention, higher carbon dioxide-combining power of the plasma, and reduction of blood pressure. A valuable and practical method of increasing the normal excretory products in the body is the continued use of protein excesses in the diet. Long and careful investigations have led Newburgh (4), the original and chief exponent of this diet method, to con-elude that, "kidney injury is related to those digestion products of protein which vary both quantitatively and qualitatively with the type of protein eaten."
Methods
In seeking a method of confirming and elaborating the etiology and progressiveness of renal insufficiency produced by x-ray nephritis where one pole of the kidney was protected, two procedures have been 
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CHART i. Curves of chlorides, total base, potassium, non-protein nitrogen, urea nitrogen, phosphates, CO~, calcium, creatinine during 6 weeks from time of cystoileostomy to death of animal.
used. The first of these involved the use of ureteroduodenostomy used by Hinman (5), Hinman and Belt (6) , and by Bollman and Mann (7) in combination with deep x-ray applied to the unanastomosed kidney. By the application of deep x-ray to the unanastomosed kidney its functional hypertrophy was prevented and an increasingly high level of urinary constituents was maintained in the body. Ten such experiments were carried out and in all the successful ones marked degeneration was obtained in the anastomosed kidney characterized by granular, vacuolar, and fatty changes in the tubules, especially the convoluted portions, and congestion of the glomerular tufts with hyalinization of the capillaries and homogeneous material in the capsular ~° space similar to those found in the protected pole of the x-rayed kidneys. The failures in this group were due to hydronephrosis and infection.
The failures in the first group led to the perfection of a new procedure designed to produce high levels of urinary constituents in the blood without disturbing either the kidneys or ureters. At first this was accomplished by a simple anastomosis between the urinary bladder and the mid-p0rtion of the ileum.
Only young dogs weighing from 15 to 20 kilos, whose urine and blood non-protein nitrogen were normal, were used. All operations were done under ether anesthesia. Later, in order to avoid the gross fecal contamination of the bladder resulting from thi s procedure, the small bowel was clamped and cut across at the junction of the jejunum and a jejuno-ileostomy was done, leaving a blind length of ileum 18 to 24 inches in length. The fundus of the urinary bladder was then anastomosed to the blind length of ileum near its distal end (Fig. 2) . With the latter improvement there was little fecal contamination of the bladder and the urine was suitable for the usual ~ chemical and microscopic analysis.
Results
Both procedures resulted in sustained increase of the level of the urinary constituents in the body and moderate reduction of the carbon dioxide-combining power of the plasma (Charts 1 and 2). After several months the carbon dioxide was more depressed and the urinary constituents higher with eventual death in a uremic phase. The systolic and diastolic blood pressures showed increases of from 10 to 20 ram. of mercury but never reached the high levels obtained in nephritis produced by x-ray. The urine increased in amount as the experiment proceeded and the specific gravity became lower. Albumin was constant in the later stages with as much as 400 mg. per liter in some instances. Examination of the kidneys in various stages showed in the first 6 to 8 weeks a marked enlargement, usually to twice the predicted size. Microscopically the tubular epithelium stained normally but many of the cells were undergoing mitosis, as many as four to six figures often being seen in a single high power field. Beyond the 6 to 8 week period there was no further enlargement of the kidneys but the color usually changed from red or reddish purple to gray or grayish yellow. On section the architecture was less clear-cut. Microscopically, granular degeneration with desquamation of the tubular epithelium and dilatation and congestion O f the glomerttlar tuft capillaries became marked. Still later marked vacuolar and fatty degeneration of the tubular epithelium with actual disintegration and replacement by fibrous tissue became evident. The glomerull in these later stages showed wide dilatation of the capsular space and filling with homogeneous pink staining material. The tufts were congested or compressed and atrophic (Figs. 3 and 4) . The urinary bladder showed the lining intact and the wall of usual thickness. The ureters were of usual size and the walls were of usual thickness. The renal pelves showed no evidence of dilatation or infection so often seen in ureteral anastomosis. Microscopically there was frequently round and wandering cell infiltration of the epithelium and underlying stroma in the bladder. In a few instances similar infiltration was found in the ureter and pelvis of the kidney but there was no extension into the parenchyma. The degenerative changes were similar in the cases showing infiltration and those that did not.
Further Methods and Results
The obvious possibility of ascending infection in both the ureteral and bladder anastomosis procedures led to continued investigation and the development of three additional procedures in which the possibility of contamination and infection from the intestinal tract was reduced. All the operations were done under ether anesthesia.
The first procedure consisted of completely isolating a loop of ileum and at the same time maintaining the continuity of the intestinal tract with a side to side jejuno-ileostomy. The mid-portion of the isolated loop, whose ends were inverted and brought together with a silk suture, was then anastomosed to the fundus of the urinary bladder. The operation was done in one stage under ether anesthesia and the operative mortality was 40 per cent. This procedure was done on five animals, and of the three that survived the operation all showed marked enlargement and degenerative changes in the kidney as described in the cysto-ileostomy group. One animal living 9 months after the operation showed more advanced lesions characterized not only by granular, vacuolar, and fatty changes but in addition by replacement of tubules by fibrous tissue and extensive hyalinization of the glomerular tufts (Fig. 5) .
The second procedure consisted of ureteral anastomosis to the gall bladder and subsequent application of deep x-ray to the unanastomosed kidney. The anastomosis to the gall bladder, following the Coffey technic, was done readily because of the thin wall and the tough peritoneal coat. One of the animals showed slight hydronephrosis although there was free drainage into the gall bladder. Neither dilatation nor thickening of the ureter was present. The gall bladder was of usual size and the lining mucosa appeared normal. The anastomosed kidney was larger than usual. The cortex was thicker than normal and grayish yellow in color. Microscopically degeneration of the tubular epithelium was marked and the glomerular tufts showed the characteristic dilatation and engorgement of the glomerular tufts (Fig. 6) . The unanastomosed kidneys which had been exposed once directly to deep x-ray and four times through the abdominal wall showed the usual contraction and fibrosis.
The third procedure was devised to allow the administration of urine, urine concentrates, or synthetic salt mixtures into the intestinal tract without disturbing the urinary tract in any way. The simplest and most effective method proved to be to bring aloop of the upper end of the ileum through a short incision in the costovertebral angle under ether anesthesia. A side to side anastomosis was done leaving 8 inches of bowel in the loop and the muscle was closed through the lumen of the loop leaving the intestine immediately beneath the skin. The skin was allowed to heal completely and then a small opening directly through skin and intestinal wall was made for the catheter. The animals were then placed in a sling and the desired solutions administered by the Murphy-drip. For the most part the concentrated human urine prepared and analyzed by Dr. O. H. Gaebler was used. The method of concentration and composition is as foUows:
Method of Concentration.--Distillation took place in partial vacuum. The temperature was kept below 50°C. Distillation was discontinued when the urine had been concentrated more than ten times. The residue was made up to one-tenth the original volume of the urine, and filtered from a precipitate of uric acid and earthy phosphates. Result of analysis, in gin. per 100 cc. of concentrate.
The inorganic salt composition is represented by the following mixture, sodium bicarbonate being used to supply excess of base over chloride, sulfate, and phosphate found. The results are given in gm. per 100 cc. of concentrate. The solution clouds after a short time with precipitation of earthy phosphate.
From 150 to 250 cc. of concentrate usually produced acute toxic symptoms characterized by drooling of saliva, vomiting, diarrhea, partial suppression of urine, hyperpyrexia, elevation of the erythrocyte count, convulsions, and coma. Seven of the twelve animals in this series succumbed in from 6 to 24 hours during this toxic state. In all the syndrome corresponds closely to that described by Andrews (8) . Comparable toxic states were produced by inorganic salt mixtures compounded to resemble the urine concentrates, the same plus urea, and by 50 per cent urea solutions alone. 20 per cent urea solutions have been used by Streicher (9) intravenously for the production of uremia and uremic enteritis. He showed histologically marked parenchymatous degeneration of both liver and kidney.
After the urea solutions the coma was often prolonged for several days and there was more tendency to recovery than with either of the other solutions. The inorganic salt mixture plus urea was more potent in producing the toxic state than either the salt mixture alone or the urea alone. From 275 to 350 cc. of the 50 per cent urea solution were usually necessary to produce convulsions and coma. When a period of from 2 to 3 days was allowed to intervene between administration, the animals seemed to build up a moderate degree of tolerance and survived amounts of the various solutions which were invariably fatal to animals of equal size in the first administration. Of the seven animals which succumbed after the first to third administration the autopsy data were comparable in all.
The viscera were congested and the serous membranes were rather dry. Grayish yellow spots of from 0.5 to 1 ram. in diameter were found over the surface of the liver. However, these were not seen deeper in the parenchyma. The kidneys on section showed the cortex streaked with grayish yellow. The brain was wet and the convolutions were broad and fiat. The meninges were for the most part infiltrated with blood. Microscopically the liver showed marked granular and vacuolar changes similar to those described by Andrews and like those seen in our series of cysto-ileostomy experiments. The kidneys showed marked congestion, necrosis, desquamation, and granular degeneration of the tubular epithelium in varying degree. The glomerular tufts were swollen and congested and there was often homogeneous pink staining material and blood in the capsular space (Fig. 7) . The meninges showed marked dilatation and engorgement of the blood vessels with extensive blood extravasation throughout. The brain cortex showed engorgement of blood vessels and edema.
The three animals that survived repeated administrations were killed after 4 to 6 months. After the administration of concentrated urine the most marked change in the blood chemistry was the reduction of the carbon dioxide-combining power of the plasma from 35 to 25 volumes per cent and elevation of the chlorides and calcium. The non-protein nitrogen and urea were moderately elevated, averaging 60 and 40 mg. respectively. After the administration of 50 per cent urea solution the non-protein nitrogen and urea rose markedly, the carbon dioxide-combining power of the plasma was sharply depressed as were the calcium and chlorides. The potassium was not markedly depressed as reported by Streicher (9) after intravenous administration.
The gross appearance of the kidney in the animals receiving repeated administration of concentrated urine over a period of months differed from those of animals in the cysto-ileostomy series in that the organs were relatively smaller and dark red in color. Microscopically there was marked granular degeneration and desquamation of the tubular epithelium but also more chronic changes manifest by areas of large dilated tubules lined by flattened epithelium and occasionally containing casts. The glomeruli showed dilatation of the capsular space, dilatation and engorgement of the tuft capillaries (Fig. 8) . Prolonged and repeated administration of salt mixtures alone, salt mixtures with urea, and urea alone is now being investigated, but all of these solutions are capable of producing the so called uremic syndrome and acute parenchymatous changes in the kidney.
DISCUSSION
The experimental evidence accumulated from the five different series of procedures designed to increase the normal excretory products in the body indicates that comparable functional and anatomical damage to the kidneys is the usual result. This damage is characterized by granular, vacuolar, and fatty degeneration of the tubules and capillary dilatation, engorgement, and hyalinization in the glomerulus during the earlier stages and in the milder cases. In the later and more severe cases the damage is typified by widespread vacuolar degeneration of the epithelium and dilatation with atrophy or fibrous replacement of the tubules, thickening of Bowman's capsule, dilatation and filling of the capsular space by exudate, and atrophy and hyalinization of the glomerular tuft. No explanation for this damage, which applies equally to all these groups, has been found except the presence of excess of the normal excretory products in the body and their elimination through the kidney. The mechanism of their effect on the renal tissue may also be considered in the light of these experiments. In Group 5 it has been shown that acute parenchymatous destruction of the kidney and often of the liver is produced by the administration of concentrated urine, salt mixtures, or the same plus urea, and urea alone into a loop of small intestine. The necrosis of renal tissue is so extensive in these experiments that it may be readily compared with the effect of mercuric chloride. At lower concentrations, continued over a period of months, an elusive nephrotoxic substance contained in the 0.5 per cent undetermined nitrogen may be considered, but there is no convincing evidence in all the experimental work published thus far. Correlating the suggestion of Andrews (8) and Streicher (9) that the liver is destroyed by the high concentration of salts in the blood and tissues with the finding of similar vacuolar changes seen at times in all of the five groups presented here, it might be concluded that the renal destruction is due to the excretion of this liver protein. This contention may be supported by Newburgh's (10) recent finding that liver is the most potent protein in the dietary production of nephritis. Further, the methods presented here of placing the urinary constituents back into the blood involves direct passage to the liver through the portal circulation. The most striking changes noted in the blood chemistry in the experiments of long duration of all groups is the elevation in non-protein nitrogen and the reduction of the carbon dioxidecombining power of the plasma. However, the acidosis was not severe until late in the process, so that considering MacNider's (11) demonstration of the importance of the acid-base balance in the preservation of the function and anatomical structure of the kidney, it is not felt that acidosis was a large factor for damage. Newburgh and Marsh (12) have shown the importance of amino acids as nephrotoxic substances, especially cystine and tryptophan, but in longer experiments presented here the amino acids of the blood at least were not elevated.
The addition of large amounts of urea by Osborne, Mendel, Park, and Winternitz (13), Addis, MacKay, and MacKay (14), Hinman (15) , and Newburgh (10) to an otherwise normal diet planned to increase the excretory work of the kidneys did not result in hypertrophy and caused Newburgh to comment "The increase in size caused by high protein diets is apparently something more than a response to increased activity. It appears to have a more specific cause." Newburgh (16) in a later communication states "It would appear to be true that liver contains forms of non-protein nitrogen other than the purins that are nephropathic." In the various groups of experiments presented here the kidneys responded to the reabsorption of the normal excretory products first with hypertrophy of 100 per cent associated with the presence of many mitoses in the tubular epithelium and then in from 6 to 8 weeks after the maximum hypertrophy had occurred the mitoses disappeared and degenerative changes of progressive nature were noted. Both the amount of hypertrophy and the severity of the renal damage were directly proportional to the degree of increase in the urinary constituents in the body, particularly the nonprotein nitrogen. The presence of a nephrotoxic substance in the 0.5 per cent undetermined nitrogen fraction might conceivably account for this, but if such were present the marked hypertrophy found in the early stages would be an unusual physiological response. In summary of all the data it appears that increased excretory work must be considered as a probable major factor in the hypertrophy and subsequent degeneration of the kidneys burdened through reabsorbtion with large excesses of normal urinary constituents. 2. The effects of this prolonged reabsorption of urinary constituents on the blood chemistry and tissues are shown with special reference to the kidney.
3. Large and rapid increase of urinary constituents in the body is definitely destructive to the kidney.
4. The degenerative changes found in the experimental animal in the protected pole of the kidney showing nephritis produced by x-ray and in man in the unscarred portions of the kidney showing chronic nephritis account for the progressive nature and final renal insufficiency of these conditions and are best ascribed to the high levels of excretory products in the body. 
